Introduction {#s1}
============

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease typically presenting with polyarthritis and extra-articular manifestations. Historically, an association between RA and low bone mass (osteoporosis) has been demonstrated; results from several population-based studies have suggested that individuals with RA are at an increased risk of hip fracture ([@B1]--[@B5]). Furthermore, a study by van Staa and colleagues used data from the British General Practice Research Database to demonstrate that patients with RA have an increased risk of fractures at the hip, pelvis, vertebrae, humerus, and tibia/fibula ([@B6]). However, these studies were reported before the widespread use of biologic therapies.

In addition to low bone mass, falls are an important risk factor for fracture. Similarly to low bone mass, historical studies have shown an association between falls risk and RA ([@B7], [@B8]). The increased propensity for falling in individuals with RA is likely to occur secondary to impaired limb coordination, muscle strength, balance and polyarticular pain ([@B9]--[@B11]).

Despite bone loss being one of the most deleterious consequences of the chronic inflammation seen in RA there are relatively few studies exploring if medications used to treat RA, such as corticosteroids, disease modifying anti-rheumatic drugs (DMARDs), and biologic drugs, have a role in bone protection and these studies have yielded conflicting results ([@B12]--[@B14]). Cortisone, the first corticosteroid, was the first pharmacological agent used in the treatment of RA in 1949 and offered rapid symptomatic and disease-modifying effects. Corticosteriods remain an extremely effective means of dampening the inflammation associated with RA but are associated with serious long-term side-effects ([@B15]). DMARDs are a group of medications which alter the course or outcome of inflammatory conditions and are most commonly used in RA. This group of drugs is recommended as the first-line treatment for RA and include methotrexate, leflunomide, sulfasalazine and hydroxychloroquine, gold (sodium aurothiomalate), azathioprine, ciclosporin and penicillamine ([@B16]).Over the past 20 years an increased understanding underlying mechanisms in systemic inflammatory diseases such as RA has permitted the development of potent inhibitors of the inflammatory process termed biologic agents. Biologic agents are drugs that are made from living organisms or their products used in the prevention, diagnosis, or treatment of diseases including RA and cancer. Biologic agents include antibodies, interleukins, and vaccines. Since the introduction of the first biologic agent (Etanercept) in 1998, the treatment of RA has been revolutionized as these therapies can very effectively inhibit inflammation. Biologic agents used in the treatment of RA may have a beneficial effect on bone as we know that pro-inflammatory cytokines such as TNF-α, IL-1, and IL-6 play an important role in bone resorption ([@B17], [@B18]). Common biologic agents used in the treatment of RA include: anti-TNF agents such as Adalimumab, Ertanacept, and Infliximab; Rituximab which targets CD20 on B-cells; Tocilizumab which targets the Anti-IL-6 receptor and more recently janus kinase (JAK) inhibitors such as Baricitinib and Tofacitinib ([@B19]).

The UK Biobank is a large prospective cohort established by the UK Medical Research Council and Wellcome Trust as an international resource for the investigation of risk factors for major diseases of middle and older life. The cohort comprises over 500,000 men and women recruited from across the United Kingdom between 2006 and 2010 ([@B20]). Using UK National Health Service (NHS) registers, approximately 9.2 million primary invitations were sent to individuals aged 40--69 years living within traveling distance of 22 centers in Great Britain ([@B20], [@B21]). The age range was selected to permit the investigation of the determinants of non-communicable chronic diseases of middle and later life and each individual underwent extensive baseline assessments. The relationship between RA and musculoskeletal health has never previously been explored in such a large cohort of individuals and the UK Biobank affords us the opportunity to explore if the modern management of RA has removed the previously reported association of RA with poor musculoskeletal health. The aims of the current study, therefore, were to use this dataset: (1) to explore if RA is associated with reduced BMD, falls and fracture; and (2) to study how common medications used to treat RA might relate to BMD, falls and fracture risk in individuals with RA, with a particular focus on biologic therapies. The null hypothesis is therefore that RA is not associated with reduced BMD, falls or fracture and that in individuals with RA treatment with corticosteroids, DMARDs and biologic agents is not associated with an improvement in BMD and reduction in falls and fracture risk.

Methods {#s2}
=======

Study Subjects
--------------

The study was a cross-sectional analysis using baseline data from the UK Biobank.

Data Collection
---------------

Participants were invited to their regional test center where they completed a series of touchscreen computer-based questionnaires followed by a face-to-face interview with trained research personnel. A transcript of the touchscreen questionnaire can be downloaded (<http://www.ukbiobank.ac.uk/wp-content/uploads/2011/06/Touch_screen_questionnaire.pdf?phpMyAdmin=trmKQlYdjjnQIgJ%2CfAzikMhEnx6>. Information was collected detailing socio-demographics (age, gender, ethnicity, educational attainment, employment status, household income, and postcode of residence with corresponding deprivation index score), lifestyle factors (including cigarette smoking, diet, physical activity, and alcohol use), current medications and self-reported history of falls in the year prior to the baseline interview.

Estimated bone mineral density (eBMD) was calculated using quantitative heel ultrasound. This was a pragmatic decision, as there was no direct access to dual-energy X-ray absorptiometry (DXA) scanning at all regional test centers. However, heel ultrasound assessed eBMD has been shown to be highly correlated with DXA in previous studies ([@B22], [@B23]). Following calibration and adequate positioning, quantitative heel ultrasound (QUS) was performed on both heels using a Sahara bone sonometer. The recorded measurements included broadband ultrasound attenuation (BUA), speed of sound (SOS), stiffness index, T score (the number of standard deviations from the mean for young individuals of the same sex) and Z score (the number of standard deviations from the mean for individuals of the same sex and age).

A diagnosis of RA was identified in participants from the UK Biobank using HES using ICD-10 codes M05 and M06. A previous history of fracture was identified from HES using ICD-10 codes S02, S12, S22, S32, S42, S52, S62, S72, S82, S92, T02, T08, T10, and T12. HES incorporates data sent by the NHS trusts, clinical commissioning groups and local area teams in England. HES data includes admitted In-patient data from 1997 onwards and this was used in the UK Biobank study. This comprises data on: Admissions and Discharge; diagnostic and operation codes; Maternity; Psychiatric; Critical Care data (supplied to UK Biobank as a separate file). HES records include information on both the NHS-funded admitted patient care and private care within the NHS hospitals. UK Biobank incorporates the critical care data which includes critical care records from April 2006 onwards. More information on the HES data can be found on the HSCIC website (<http://www.hscic.gov.uk/hes>).

This study was conducted under generic approval from the NHS National Research Ethics Service (17th June 2011, Ref11/NW/0382). Participants provided electronic consent for the baseline assessments.

Statistical Analysis
--------------------

Baseline characteristics were analyzed in men and women separately. Descriptive statistics were expressed as medians and interquartile ranges (IQR) for continuous variables and as frequencies (N) and percentages for categorical variables. Multivariate logistic and linear regression models were used to examine the associations between RA and eBMD, falls in the previous year and fracture. The association between RA medications (corticosteroids, DMARDs, and biologics) with eBMD, reported falls and fracture in participants with RA was also explored. Combinations of the aforementioned therapies were also analyzed as combination therapy with DMARDs is often utilized in clinical practice to improve disease control and therefore could potentially influence musculoskeletal health. The regression analyses were undertaken with and without adjustment for the following demographic and lifestyle confounders: age, ethnicity, body mass index (BMI), smoker status, and physical activity. These confounders were selected as they are well-established risk factors for the development of osteoporosis and fracture risk. All analyses were conducted separately for men and women and were performed using Stata v12.1 (Statacorp, College Station, TX, USA).

Results {#s3}
=======

Participant Characteristics
---------------------------

[Table 1](#T1){ref-type="table"} shows the summary characteristics. Of 502,543 participants, 3849 (1.4%) of women and 1643 (0.7%) of men were found to have a diagnosis of RA. The median age of the participants was 57 years (IQR 50--63) for women and 58 (IQR 50--64) for men. Most (94.6% of both men and women) of the population were Caucasian. The average Body Mass Index (BMI) of participants was 26.1 kg/m^2^ (IQR 23.5--29.7) for women and 27.3 kg/m^2^ (IQR 25.0--30.1) for men. A higher proportion of men were current smokers \[12.6% (*n* = 28612) vs. 9.0% (*n* = 24367)\]. 175394 women and 146447 men had heel ultrasound measurements performed generating a mean eBMD T-score of −0.539 and −0.066, respectively. Data were available for self-reported falls in 272089 women and 227785 men, of whom a total of 62818 (23.1%) women and 36284 (15.9%) men had fallen in last year. A total of 14,939 (5.5%) of women and 11,741 (5.1%) men had a history of at least one fracture according to HES between 1997 and their baseline interview.

###### 

Participant demographics.

                                                                **Women**                  **Men**                   
  ------------------------------------------------------------- ----------- -------------- ---------- -------------- -------------------
  Age (yrs)                                                     57          50--63         58         50--64         \<0.001
  Height (cm)                                                   162         158.0--167.0   176        171.0--180.0   \<0.001
  Weight (kg)                                                   69.1        61.7--78.7     84.3       76.2--93.8     \<0.001
  BMI (kg/m^2^)                                                 26.1        23.5--29.7     27.3       25.0--30.1     \<0.001
  Activity (mins/week)[^a^](#TN1){ref-type="table-fn"}          290         150--555       300        150--630       \<0.001
  Calcium intake (mg/day)[^b^](#TN2){ref-type="table-fn"}       885         668--1146      952        721--1240      \<0.001
  Alcohol consumption (g/day)[^b^](#TN2){ref-type="table-fn"}   0.0         0.0--16.8      9.8        0.0--36.1      \<0.001
                                                                ***N***     **%**          ***N***    **%**          ***p*****-value**
  **Smoking status**                                                                                                 \<0.001
  Never                                                         1,62,067    59.6           1,11,475   49.0           
  Previous                                                      85,458      31.4           87,614     38.5           
  Current                                                       24,367      9.0            28,612     12.6           
  **Ethnicity**                                                                                                      \<0.001
  White                                                         2,57,456    94.6           2,15,275   94.6           
  Fracture[^c^](#TN3){ref-type="table-fn"}                      14,939      5.5            11,741     5.1            \<0.001
  Fallen in last year                                           62,818      23.1           36,284     15.9           \<0.001
  RA diagnosis[^d^](#TN4){ref-type="table-fn"}                  3,849       1.4            1,643      0.7            \<0.001
  Taking corticosteroids (RA only)                              449         11.7           186        11.3           \<0.001
  Taking DMARDs (RA only)                                       1,492       38.8           557        33.9           \<0.001
  Taking biologics (RA only)                                    91          2.4            33         2.0            0.011
                                                                **Mean**    **SD**         **Mean**   **SD**         ***p*****-value**
  Heel ultrasound BMD T-score                                   −0.539      1.097          −0.066     1.341          \<0.001

Minutes of moderate or vigorous activity in typical week.

Estimated intake, based on food and beverage consumption the previous day, excluding any supplements.

From Hospital Episode Statistics using ICD-10 codes S02, S12, S22, S32, S42, S52, S62, S72, S82, S92,T02, T08, T10, T12.

*From Hospital Episode Statistics using ICD-10 codes M05 and M06*.

[Table 2](#T2){ref-type="table"} shows the relationship between falls, eBMD and fracture with RA. A diagnosis of RA was associated with having a lower eBMD in both men (β −0.357, 95% CI −0.439, −0.275 *p* \< 0.001) and women (β −0.341, 95% CI −0.385, −0.298 *p* \< 0.001). These relationships remained robust following adjustment for age, ethnicity, BMI, smoking status, and physical activity. These confounders were selected as they have been shown to be associated with eBMD and RA in previous studies. Indeed, smoking status constitutes part of the FRAX algorithm for assessing osteoporotic fracture risk ([@B24]) and this is consistent with our cohort where the number of cigarettes currently smoked daily was associated with eBMD in both sexes (men: β −0.017, 95% CI −0.018, −0.016 *p* \< 0.001; women: OR −0.008, 95% CI −0.009, −0.007 *p* \< 0.001). Several studies have shown that exercise is associated with improved BMD ([@B25]--[@B27]) but in our population the association between hours of moderate or vigorous activity in a typical week and eBMD was small (men: β −0.001, 95% CI −0.001, 0.000 *p* = 0.103; women: OR −0.002, 95% CI −0.003, −0.002 *p* \< 0.001). Nevertheless, adjustment for these confounders did not attenuate the association we observed between RA and lower eBMD in both men and women. Individuals with a diagnosis of RA were also significantly more likely to report a fall in the last year than those without (men: OR 2.34, 95% CI 2.11, 2.60 *p* \< 0.001; women: OR 1.89, 95% CI 1.77, 2.02 *p* \< 0.001). These observations again remained significant after full adjustment for potential confounders. There was also a positive association between a diagnosis of RA and a history of previous fracture (men: OR 1.75, 95% CI 1.47, 2.08 *p* \< 0.001; women: OR 2.20, 95% CI 1.99, 2.44 *p* \< 0.001) but this association did not remain significant in men following adjustment for confounders (OR 1.14, 95% CI 0.80, 1.64 *p* = 0.463). [Table 3](#T3){ref-type="table"} shows that the association between RA and fracture in both sexes remained statistically significant if adjusted for either falls or eBMD and for both falls and eBMD in combination ([Table 3](#T3){ref-type="table"}).

###### 

Relationship between RA and falls risk, eBMD and fracture risk.

  **Men**                       **Unadjusted**               **Adjusted**[^**a**^](#TN5){ref-type="table-fn"}                                                                       
  ----------------------------- ---------------------------- -------------------------------------------------- ------------------- ---------------------------- ------------------ -------------------
  Heel ultrasound BMD T-score   −0.357                       (−0.439, −0.275)                                   \<0.001             −0.244                       (−0.378, −0.110)   \<0.001
                                **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year           2.34                         (2.11, 2.60)                                       \<0.001             1.54                         (1.26, 1.87)       \<0.001
  Fracture                      1.75                         (1.47, 2.08)                                       \<0.001             1.14                         (0.80, 1.64)       0.463
  **Women**                     **Unadjusted**               **Adjusted**[^**a**^](#TN5){ref-type="table-fn"}                                                                       
                                **Regression coefficient**   **95% CI**                                         ***p*****-value**   **Regression coefficient**   **95% CI**         ***p*****-value**
  Heel ultrasound BMD T-score   −0.341                       (−0.385, −0.298)                                   \<0.001             −0.217                       (−0.297, −0.138)   \<0.001
                                **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year           1.89                         (1.77, 2.02)                                       \<0.001             1.36                         (1.19, 1.56)       \<0.001
  Fracture                      2.20                         (1.99, 2.44)                                       \<0.001             1.76                         (1.43, 2.16)       \<0.001

*Adjusted for age, ethnicity, BMI, smoker status and activity*.

###### 

Rheumatoid arthritis as an explanatory variable for fracture, with and without adjustment for number of falls in last year and eBMD.

                             ***N***    **Odds ratio**   **95% CI**     ***p*-value**
  -------------------------- ---------- ---------------- -------------- ---------------
  **Men**                                                               
  Unadjusted                 2,29,138   1.75             (1.47, 2.08)   \<0.001
  Adjusted for falls         2,27,785   1.53             (1.28, 1.82)   \<0.001
  Adjusted for BMD T-score   1,46,447   1.66             (1.34, 2.05)   \<0.001
  Adjusted for falls & BMD   1,45,951   1.46             (1.17, 1.81)   0.001
  T-score                                                               
  **Women**                                                             
  Unadjusted                 2,73,405   2.20             (1.99, 2.44)   \<0.001
  Adjusted for falls         2,72,089   2.00             (1.80, 2.21)   \<0.001
  Adjusted for BMD T-score   1,75,394   1.86             (1.64, 2.12)   \<0.001
  Adjusted for falls & BMD   1,74,893   1.71             (1.50, 1.94)   \<0.001
  T-score                                                               

[Tables 4](#T4){ref-type="table"}, [5](#T5){ref-type="table"} show the association between RA medications (corticosteroids, DMARDs, and biologics) with eBMD, reported falls and fracture in participants with RA. 11.6% (635) of RA participants were taking an oral corticosteroid, 37.3% (2049) were taking a DMARD and 2.3% (124) were taking a biologic. 10.7% (381) of participants with RA were taking a combination of corticosteroids and DMARDs and a small number of participants with RA \[21 (0.7%)\] were taking corticosteroids, DMARDs and a biologic agent in combination.

###### 

Corticosteroids, DMARDs, and biologics as explanatory variables for T-score, fallen in last year, number of falls in last year and fracture, in female RA participants.

                                **Unadjusted**               **Adjusted**[^**a**^](#TN6){ref-type="table-fn"}                                                                       
  ----------------------------- ---------------------------- -------------------------------------------------- ------------------- ---------------------------- ------------------ -------------------
  **CORTICOSTEROIDS**                                                                                                                                                               
  Heel ultrasound BMD T-score   −0.371                       (−0.527, −0.216)                                   \<0.001             −0.022                       (−0.398, 0.353)    0.907
                                **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year           0.91                         (0.74, 1.12)                                       0.370               1.38                         (0.84, 2.27)       0.204
  Fracture                      1.27                         (0.95, 1.70)                                       0.113               1.84                         (0.92, 3.67)       0.086
                                **Regression coefficient**   **95% CI**                                         ***p*****-value**   **Regression coefficient**   **95% CI**         ***p*****-value**
  **DMARDs**                                                                                                                                                                        
  Heel ultrasound BMD T-score   −0.314                       (−0.411, −0.217)                                   \<0.001             −0.243                       (−0.421, −0.065)   0.007
                                **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year           0.93                         (0.81, 1.06)                                       0.263               0.77                         (0.57, 1.03)       0.077
  Fracture                      0.97                         (0.79, 1.20)                                       0.809               1.02                         (0.65, 1.58)       0.945
                                **Regression coefficient**   **95% CI**                                         ***p*****-value**   **Regression coefficient**   **95% CI**         ***p*****-value**
  **BIOLOGICS**                                                                                                                                                                     
  Heel ultrasound BMD T-score   −0.491                       (−0.818, −0.164)                                   0.003               −0.403                       (−1.107, 0.302)    0.262
                                **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year           0.63                         (0.39, 1.01)                                       0.055               0.60                         (0.20, 1.82)       0.369
  Fracture                      1.46                         (0.82, 2.61)                                       0.196               1.19                         (0.27, 5.33)       0.817

*Adjusted for age, ethnicity, BMI, smoker status, and activity*.

###### 

Corticosteroids, DMARDs, and biologics as explanatory variables for T-score, fallen in last year, number of falls in last year and fracture, in male RA participants.

                                             **Unadjusted**               **Adjusted**[^**a**^](#TN7){ref-type="table-fn"}                                                                       
  ------------------------------------------ ---------------------------- -------------------------------------------------- ------------------- ---------------------------- ------------------ -------------------
  **CORTICOSTEROIDS**                                                                                                                                                                            
  Heel ultrasound BMD T-score                −0.285                       (−0.567, −0.003)                                   0.047               −0.934                       (−1.565, −0.304)   0.004
                                             **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year                        1.46                         (1.06, 2.01)                                       0.020               1.64                         (0.83, 3.22)       0.155
  Fracture                                   0.85                         (0.48, 1.51)                                       0.586               0.34                         (0.05, 2.61)       0.302
                                             **Regression coefficient**   **95% CI**                                         ***p*****-value**   **Regression coefficient**   **95% CI**         ***p*****-value**
  **DMARDs**                                                                                                                                                                                     
  Heel ultrasound BMD T-score                −0.431                       (−0.612, −0.250)                                   \<0.001             −0.437                       (−0.761, −0.112)   0.008
                                             **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year                        1.19                         (0.95, 1.48)                                       0.123               1.45                         (0.95, 2.22)       0.084
  Fracture                                   0.97                         (0.67, 1.40)                                       0.882               1.42                         (0.68, 2.98)       0.356
                                             **Regression coefficient**   **95% CI**                                         ***p*****-value**   **Regression coefficient**   **95% CI**         ***p*****-value**
  **BIOLOGICS**                                                                                                                                                                                  
  Heel ultrasound BMD T-score                −0.529                       (−1.187, 0.128)                                    0.114               −0.483                       (−1.768, 0.803)    0.461
                                             **Odds ratio**               **95% CI**                                         ***p*****-value**   **Odds ratio**               **95% CI**         ***p*****-value**
  Fallen in last year                        0.85                         (0.39, 1.84)                                       0.678               0.89                         (0.18, 4.32)       0.884
  Fracture[^b^](#TN8){ref-type="table-fn"}   1.07                         (0.32, 3.54)                                       0.916                                                               

Adjusted for age, ethnicity, BMI, smoker status and activity.

*Insufficient number of men with a fracture and on biologics for the adjusted model to run*.

Steroid and DMARD treatment in RA participants was associated with having a lower eBMD in both women (Steroid: β −0.371, 95% CI −0.527, −0.216 *p* \< 0.001; DMARD β −0.314, 95% CI −0.411, −0.217 *p* \< 0.001) and men (Steroid: β −0.285, 95% CI −0.567, −0.0.003 *p* = 0.047; DMARD β −0.431, 95% CI −0.612, −0.250 *p* \< 0.001). These results remained robust following adjustment for confounders with the exception of steroid treatment in women (β −0.022, 95% CI −0.398, −0.353 *p* = 0.907). No significant association was observed between taking biologic medications and eBMD in either men or women following adjustment for confounders although there was a trend toward lower eBMD in both sexes ([Tables 4](#T4){ref-type="table"}, [5](#T5){ref-type="table"}). Following adjustment for confounders there was no significant relationship between any of the RA medications and falls and fracture.

The significant association between DMARDs and eBMD is lost in women post adjustment for confounders when DMARDs are taken in combination with corticosteroids (β −0.067, 95% CI −0.557, −0.424 *p* = 0.789) but remains significant in men (β −0.945, 95% CI −1.799, −0.091 *p* = 0.030). When corticosteroids, DMARDs, and biologic agents are taken by RA participants in combination no significant association is seen with eBMD in either sex.

Discussion {#s4}
==========

In this cross-sectional analysis, RA was positively associated with lower eBMD and an increased likelihood of falls and fracture, thus suggesting that despite advances in the management of RA the increased risk of adverse musculoskeletal health persists. RA was associated with fracture even after adjustment for both eBMD and falls, suggesting that some other aspect of bone quality may be impaired in the condition. Furthermore, in this dataset we demonstrated that participants with RA on DMARDs, and male RA participants on corticosteroids, had a significantly lower eBMD; this was not observed with biologics post adjustment for confounders, suggesting that very tight disease control may be beneficial for musculoskeletal health in RA patients. This now needs to be tested in other studies.

In this study we found that 1.4% of women and 0.7% of men in the study population had a diagnosis of RA which is consistent with previous estimations ([@B28]) and validates the use of HES data to establish a diagnosis of RA. The association between osteoporosis and RA was previously well-established but the management of RA has enhanced significantly since these studies were performed and much of the data are limited due to either a small number of participants studied or bias in the selection of participants ([@B1], [@B2], [@B6], [@B29], [@B30]). A study by Haugeberg and colleagues sought to address this by establishing a register of patients with RA in Oslo, Norway. Using results from female patients aged between 20 and 70 years and from this register they demonstrated a 2-fold increase in osteoporosis in individuals with RA compared with the general population ([@B31]). These findings were, however, contradicted by a previous US population-based study based on the data from the Third National Health and Nutrition Examination Survey (1988--1994) which did not find a difference in femoral neck BMD between RA and non-RA participants ([@B32]). The sample size for both these studies was, however, relatively small (394 and 106 RA participants, respectively). The Biobank data afforded us the unique opportunity to estimate eBMD by means of QUS in a much larger cohort (5492) of participants with RA.

The reason for the increased propensity for individuals with RA to develop osteoporosis is likely multifactorial. RA is an inflammatory condition and studies have shown that pro-inflammatory cytokines such as TNF-α, IL-1, and IL-6 play an important role in bone resorption ([@B17], [@B18]). Furthermore, several epidemiological studies have shown positive correlations between osteoporosis and C-reactive protein (CRP) which is a marker of active inflammation ([@B33]--[@B38]). Additionally, bone loss in RA is further contributed to by the decline in functional capacity and lack of exercise associated with the condition ([@B39]).

Our data show that individuals with RA are at a significantly increased risk of falls. This is in concordance with previous studies which have demonstrated a high prevalence of falls (10--54%) in individuals with RA ([@B7], [@B8], [@B40]--[@B42]). The reason for an increased propensity for falling in individuals with RA is again multifactorial. Studies have shown that fall-related risk factors such as impaired heel-toe walking and difficulty standing up without arm use are more common in RA patients, likely secondary to impaired balance and poor lower limb muscle strength ([@B9], [@B11]). In addition, individuals with RA have chronic polyarticular pain which has been shown to be positively related to falls in a cohort of 749 older adults in Boston, USA ([@B10]).

Our results are consistent with previous historical studies which have demonstrated that individuals with RA have an increased risk of fracture ([@B1]--[@B5]) and suggest that despite the modern management of RA an overall increased risk of fracture remains. The positive association between RA and fracture remains robust following adjustment for eBMD and falls. This suggests that neither falls alone or lower eBMD are responsible for the increased fracture risk which is multifactorial in individuals with RA and could be related to aspects of bone quality not measured by QUS which is not addressed in the current study. As the increased risk of fracture in RA participants was not fully attenuated upon adjustment for eBMD this suggests that in clinical practice focusing on improving eBMD alone may not be sufficient to reduce fracture risk and a more holistic approach, including falls prevention, may be of benefit. Indeed, a study by Stanmore and colleagues suggested that in clinical practice RA patients should be asked if they have fallen in the past year to highlight those at high risk of further falls. They suggest that then targeting interventions toward risk factors, such as the use of psychotropic medications and fatigue, could reduce the burden of falls in patients with RA ([@B41]).

As bone loss in RA is associated with systemic inflammation, agents which dampen inflammation, and especially newer biologic agents, could theoretically improve bone health and in the current study we also explored whether common medications used to treat RA (corticosteroids, DMARDs, and biologics) modulate the risk of low eBMD, reported falls and fracture we observed in the RA participants. We found that both corticosteroids and DMARDs were associated with a reduced eBMD in RA participants. Steroid use is a well-documented risk factor for the development of osteoporosis in RA patients and our data does support this. Studies have shown that the use of even a small dose of corticosteroids during RA treatment (e.g., prednisone 5 mg/day or equivalent) for more than 3 months, can be associated with fast and persistent bone loss ([@B43]). In our study treatment with DMARDs (e.g., methotrexate) was associated with a lower eBMD in participants with RA. To our knowledge the effect of DMARDs on BMD has been little explored but a recent study by Kwon et al. showed no effect of any DMARD on BMD with the exception of leflunomide which was associated with significantly increased vertebral BMD ([@B44]). Additionally, a study by Buckley and colleagues showed that at the end of 3 years treatment with low dose methotrexate there was no change in femoral neck or lumbar spine BMD in patients with RA ([@B45]).

There was no statistically significant association between biologic therapy and eBMD, falls or fracture for RA participants in our cohort although there was a trend toward lower eBMD. Recent studies have shown that therapies targeting specific cytokines with biologic agents may protect the skeleton though results have been inconsistent ([@B46]--[@B50]). Few studies have reported a reduction in fractures post initiation with biologic therapies ([@B50]). Our findings that steroid treatment in men and DMARD therapy in both sexes is associated with a lower eBMD may reflect a possibility that participants on these medications had more active RA with less tightly controlled inflammation. Corticosteroids in particular are often used in clinical practice to bring an acute flare of synovitis under control. This hypothesis is also supported by our observation that when corticosteroids, DMARDs, and biologics are used in combination, presumably affording a tighter control of inflammation compared to monotherapy, the association with reduced eBMD is lost. This is consistent with previous studies which have shown that in RA patients disease activity and duration are the most important variables regarding the risk of systemic osteoporosis. Some studies have reported such good RA control in all arms that relationships with bone health may be difficult to establish ([@B12]). Furthermore, a link has been shown between bone loss in RA and laboratory markers of inflammation such as C-reactive protein and also the development of anti-citrullinated antibodies, a predictor of more severe disease ([@B34], [@B51]). Better RA control may lead to key behaviors associated with better musculoskeletal health. For example, patients may be more physically active, leading to less sarcopenia and falls. The direct effect on bone of control of inflammation may also be relevant ([@B17], [@B38], [@B52]).

Limitations
-----------

Our study contains strengths and limitations. One of the greatest strengths of this study, and the UK Biobank data in general, is the large sample size which can be included in the analysis. This can, however, lead to small differences between groups reaching the threshold of statistical significance which may not be relevant clinically. We did, however, observe odds ratios of around 2, which suggest biologically relevant relationships. We used QUS for the assessment of eBMD for pragmatic reasons as there was no on site access to DXA (the traditional gold standard) in the UK Biobank research centers but this has been validated in previous studies ([@B23]). Indeed, a study by Otter and colleagues demonstrated that heel USS has a 90% sensitivity for a diagnosis of osteoporosis in patients with RA ([@B53]). Individuals were self-reporting a history of falls and their medication history and this is therefore subject to recall bias. For medication history in particular, the number of individuals with RA on DMARDs was lower than expected (38.8% of women and 33.9% of men), suggesting that this may have been under-reported or that some of the individuals with a diagnosis of RA but not taking DMARDs may have been misdiagnosed. This may also partially account for the lower eBMD seen individuals with a diagnosis of RA on DMARDs. Confirmation of RA diagnosis via biomarkers may therefore be indicated. It should be noted, however, that although a much higher prevalence of DMARD use (\>90%) is reported in cohorts recruited from secondary care settings, this is much lower in data from inception cohorts of patients presenting with inflammatory arthritis in the community (\<60%), which is more consistent with our findings ([@B54]). Indeed, the response rate for the UK Biobank was only 5.5% and is therefore likely to be subject to a degree of healthy cohort bias, thereby potentially excluding individuals with severe RA disease activity who are more likely to be taking DMARD and biologic medications ([@B55]). Only a relatively low number of RA participants \[124 (2.3%)\] were recorded as being on biologic agents, thus potentially reducing the power to detect associations in this group of participants. Furthermore, the UK Biobank baseline data was accrued between 2006--2010 and in the years subsequent to this it is likely that the proportion of RA patients on biologic agents will have increased. The low prevalence of biologic agent use may therefore reflect a combination of healthy cohort bias and emerging use of these therapies. Interestingly, when we restrict our analysis to those participants who had a recorded diagnosis of RA and also were taking DMARDs, steroids or biologic agents, 3.72% of this sample reported biologics use, more in keeping with modern management. Future studies are therefore indicated to explore these relationships in other cohorts and registries. However, UK Biobank represents an excellent and unique opportunity to explore these issues in a very large data set where eBMD is available. Additionally, a diagnosis of RA and previous fracture was made using HES. If these records were inaccurate or an individual had not attended secondary care in the 9--13 years preceding the study then conceivably the prevalence of RA and fracture may be under-reported. The concordance of prevalence rates with previously reported figures was hence reassuring. The HES data also does not give us any information on disease duration or severity. Finally, the cross-sectional design of the study limits our ability to attribute causation.

In conclusion our study has shown that individuals with RA remain at increased risk of low eBMD, falls and fracture despite advancements in management; that the relationship with fracture was robust to adjustment for eBMD and falls and; that while DMARD and steroid use was associated with poorer bone health, this was not true for biologic therapies.
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